Summary. The impact of improved glycaemic control on renal function in newly-presenting Type 2 (non-insulin-dependent) diabetic patients has not been adequately researched. Consequently, glomerular filtration rate and effective renal plasma flow and urinary albumin excretion rates were determined in 76 subjects (age (mean (SD)): 54 (9.5) years; 50 male) of an original cohort of 110 newly-presenting normotensive non-proteinuric Type 2 diabetic patients following 6 months treatment with diet alone (n = 42) or with oral hypoglycaemic agents (n = 34). Significant reductions were observed in (presentation vs 6 months): body mass index (p < 0.01); fasting plasma glucose (p < 0.001); glycated haemoglobin (HbA~) (p <0.001); systolic blood pressure (p < 0.01); and diastolic blood pressure (p < 0.001). Glomerular filtration rate declined from 117 (22) to 112 (21) ml. min -I (p < 0.01), with unchanged effective renal plasma flow (534 (123) vs 523 (113) ml. min -~) and filtration fraction (22.4 (3.0) vs 21.8 (3.4)%). Albumin excretion rate (median (range)) declined from 1.1 (0.1-34.7) to 0.5 (0.1-29.9) gg.min -~ (p < 0.01). Changes in glomerular filtration rate (A values) were inversely correlated with presentation values (p < 0.001), and positive relationships were observed with A effective renal plasma flow (p < 0.01), and A glycated haemoglobin (p < 0.05). Type 2 diabetic patients with glomerular filtration rate values at presentation over 120 ml. min demonstrated significant reduction in glomerular filtration rate (n = 31; p < 0.001), whilst those with original values less than 120 ml. min -1 remained unchanged (n -45). Glomerular filtration rate, effective renal plasma flow and filtration fraction for the Type 2 diabetic patients remained elevated compared with age-controlled normal subjects (p < 0.01-0.001). Albumin excretion rate at presentation and 6 months were positively correlated with fasting plasma glucose levels (p < 0.05) but not renal haemodynamics. Thus, glomerular filtration rate and albumin excretion rate in newly-presenting Type 2 diabetic patients are influenced by metabolic control. Improved glycaemia for 6 months produces a reduction in glomerular filtration rate, mainly in the younger patients with values greater than 120ml-min -~ at diagnosis of diabetes. Despite these changes, renal haemodynamic parameters remain elevated compared with age-matched normal subjects.
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Early stages of human and experimental insulin-dependent diabetes mellitus are characterized by an elevation of glomerular filtration rate (GFR) [1] [2] [3] [4] [5] [6] . In experimental diabetes the single nephron GFR is increased, due to elevations of glomerular capillary plasma flow and pressure, as a consequence of reduction in renal vascular resistance predominantly affecting the afferent arteriole [4] [5] [6] . In moderately hyperglycaemic diabetic rats, normalisation of blood glucose levels reverses glomerular hyperfiltration [7] . Institution of insulin therapy in short-term Type i (insulin-dependent) diabetic patients results in a reduction in the elevated GFR, though supranormal levels may persist in a proportion of patients [8] [9] [10] .
Evaluation of renal haemodynamics in Type 2 (noninsulin-dependent) diabetes has yielded conflicting results [11] [12] [13] [14] [15] . Some workers failed to demonstrate glomerular hyperfunction in Type 2 diabetic patients [11, 12] . Others have reported elevations in GFR in significant proportions of Type 2 diabetic patients of Caucasian, Native-and Afro-American origin [13] [14] [15] . In 110 newlypresenting normotensive non-proteinuric Type 2 diabetic patients, we have observed a wide range of renal haemodynamics with higher GFR, effective renal plasma flow (ERPF) and filtration fraction (FF) compared with normal subjects of similar age range evaluated for comparative purposes [13] . Hyperfiltration, as defined by GFR values above mean + 2 SD for the normal subjects (120 ml. min -1. 1.73 m4), was detected in 45 % of this patient population. As part of an on-going longitudinal study, this report examines the effect on renal function of initial treatment for Type 2 diabetes in our original cohort of patients. 735 technique, following heparin manganese precipitation of VLDLand LDL-cholesterol [24] . LDL-cholesterol was calculated using the Friedewald formula [25] . HbA~ was determined chromatographically (reference range 5.5-8.0 %) [26] .
Statistical methods

Subjects and methods
Determination of renal haemodynamics and metabolic parameters was performed in a group of 110 consecutive newly-presenting previously untreated, islet-cell antibody-negative Caucasian Type 2 diabetic patients, who were receiving no concomitant medication [13] . Diagnosis of Type 2 diabetes at presentation was made on clinical basis, absence of ketonuria and biochemical classification by the World Health Organisation (WHO) criteria [16] . All patients selected were normotensive, according to the WHO criteria [17] . Patients with possible pre-existing renal disease, as suggested by an increased serum creatinine level (above 120 gmol/1), haematuria or proteinuria were excluded from the study. Subsequently, all patients embarked on dietary treatment for Type 2 diabetes for a 3-month period. The proposed dietary composition was 50-55 % carbohydrate, 30-35 % fat and 15 % protein [18] . Persistent hyperglycaemia (fasting plasma glucose in excess of 9.0 mmol/1 or glycated haemoglobin (HbA1) level above 9 %) at this stage resulted in the introduction of oral hypoglycaemic agents, in addition to continuing dietary advice, for a further period of 3 months. During this initial 6-month treatment period, patients were reviewed at frequent intervals as indicated on clinical grounds. Modification in treatment was based on clinical and biochemical response. Full informed written consent was obtained from all patients. The study was approved by the local area Health Authority Ethics Committee and performed in accordance with the principles of the Declaration of Helsinki.
Of the original cohort of 110 patients, 76 (mean(SD) age: 54.5 (9.5) years; 50 male) attended for re-evaluation of renal haemodynamics and metabolic parameters following the 6-month treatment period. Of the remaining 34 patients, 29 declined to participate for personal reasons, one died of unknown cause, one suffered a cerebrovascular accident, one underwent coronary artery by-pass grafting, and two required insulin therapy for poor metabolic control despite maximal doses of oral hypoglycaemic agents. Renal haemodynamics, metabolic parameters and blood pressure were determined as previously described [13, 19] . Briefly, GFR and ERPF were determined following an overnight fast. Fasting blood samples were obtained for measurement of plasma glucose, lipid and HbA1 levels. Thereafter, subjects were administered a single i. v. injection containing 1 mBq each of 5aCr-EDTA and 125I-iodohippurate (Amersham International, Amersham, Bucks, UK) for the simultaneous determination of GFR and ERPF [13, 19] . Following the administration of the radiotracers, blood samples were obtained from the contralateral arm at 44 min, 2, 3 and 4 h. Subjects remained supine for the entire 4-h study period and smoking was not permitted. Supine systolic and diastolic (phase V) blood pressures were measured to the nearest 2 mm Hg during the clearance procedure, using an appropriate 15 x 33 cm cuff for obese patients. Body mass index (BMI) was calculated as weight/[height2], measured with subjects wearing indoor clothing.
GFR and ERPF were determined from the plasma clearance of the respective radioisotope and corrected to 1.73 m 2 surface area [13, 19] . FF was calculated as the ratio of GFR to ERPF. Following careful instruction, patients provided a timed overnight urine collection at diagnosis and 6 months for the measurement of albumin excretion rate (AER) using a sensitive immunochemiluminescence technique [20] . Plasma glucose levels were determined by a glucose oxidase method [21] . Total cholesterol and triglyceride levels were measured using enzymatic techniques on the Technicon RA 1000 analyser (Technicon Instruments Co. Ltd., Basingstoke, Hants., UK) [22, 23] . Measurement of HDL-cholesterol was performed using the same Analyses of the results were performed using the Minitab Release 8 statistical package [27] . Comparisons between renal haemodynamics, metabolic parameters and blood pressure at presentation and 6 months were performed using Student's t and Wilcoxon tests for paired data, as appropriate. The Mann-Whitney U test was utilised to compare the 6-month data for the Type 2 diabetic patients, with renal haemodynamics in a group of normal subjects of similar age range (n = 32; mean (SD) age: 52.2 (11.3) years) [13] . AER were transformed (logarithmic to base 10) prior to examination of relationships with renal and metabolic parameters. Linear regression analyses were performed to assess bivariate relationships. Thereafter, modelling of several variables simultaneously was performed by means of multiple stepwise regression analyses, using appropriate models. Significances of regression analyses were assessed by analysis of variance. Relative contributions of different independent on dependent variables were evaluated by analysis of covariance. Statistical significance was set as p values below 0.05. Results are expressed as mean (SD), unless otherwise stated, with appropriate ranges in parentheses.
Results
Clinical and biochemical data for the Type 2 diabetic patients at presentation and following the initial 6-month treatment period are summarised in Table 1 . During this 6-month period, 42 patients required dietary treatment alone, whilst additional oral hypoglycaemic therapy was necessary for the remaining 34. Paired comparisons re- 
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,,,e 9 -a~...2'.ff. ooO'o J. P. Vora et al.: Improved glycaemic control and renal haemodynamics in Type 2 diabetic patients vealed significant reductions in BMI (p < 0.01), fasting plasma glucose (FPG) (p<0.001) and HbA~ levels (p < 0.001), systolic (p < 0.01) and diastolic blood pressures (p < 0.001) ( Table 1) . Changes in total cholesterol, HDL-and LDL-cholesterol and triglyceride levels did not achieve statistical significance. GFR and ERPF at 6 months were 112 (20) (range: 75-176) ml. min ~ and 523 (114) (range: 278-794) ml. min -~. GFR was reduced from 117 (22) (range: 74-178) ml. rain -~ at presentation (p < 0.01); ERPF was unchanged from 534 (123) (range: 258-821) ml.min -1 (Fig. 1) . FF at presentation and 6 months of 22.4 (3.0) and 21.8 (3.4)% were not significantly different. In terms of the achieved glycaemic level, GFR values were similar for patients with HbA1 values below (n=52) and above 9% (n = 24), at 107 (16) and 112 (20) ml. min -1, respectively. However, ERPF was higher for Type 2 diabetic patients with HbA~ less than 9 % at 536 (101) ml. min t compared with 477 (116) ml.min 1, for those with HbA1 levels above 9 % (p < 0.05), and consequently FF of 21.2 (3.3) was lower for the former than 23.1 (3.7)% for the latter group of patients (p < 0.05). Conversely, HbA1 values at 6 months were similar for patients with GFR values greater than (n = 25) or below 120 ml-min -1 (n = 51), at 8.4 (1.1) and 8.6 (1.4)%, respectively. Likewise, GFR values at 6 months were similar for patients requiring dietary therapy alone or in conjunction with oral hypoglycaemic agents, at 114 (24) and 109 (14) ml. rain -1, respectively.
GFR at 6 months demonstrated a significant positive relationship with ERPF (p < 0.001), and an inverse association with age (GFR = 168 -1.07 age: R 2 =31%; p < 0.001) (Fig. 2) . Similarly, ERPF declined with age 9 .~ (p < 0.001). Significant relationships were not observed for either GFR, ERPF or FF with BMI, parameters of glycaemic control, lipid levels nor systolic or diastolic blood pressures. Multivariate analyses with GFR as the dependent variable revealed a regression equation of GFR = 94 -0.57 age + 0.09 ERPF: R 2 = 52%;p < 0.001). Significant bivariate relationships for the changes in GFR (A values) were noted with GFR at presentation (A GFR = 21 -0.23 GFR at presentation: R 2 = 13 %; p < 0.001) (Fig. 3) , A ERPF (A GFR = -5 + 0.07 zX ERPF: R2=10%; p<0.01) and A HbA~ (A GFR=-l.5+l.69 A HbAa: R 2 = 4%; p < 0.05) (Fig. 4) . The resulting multivariate regression equation was A GFR--25 -0.24 presentation GFR +0.05 A ERPF +1.16 zX HbAt (R 2 = 28 % ; p < 0.001). Significant contributions to A GFR were not noted for alterations in BMI, lipid parameters or systolic and diastolic blood pressures. The reduction in GFR during this 6-month treatment period did not significantly alter its relationship with either ERPF or age, compared with at presentation. Thus, the differences in the slopes for regression analysis between GFR and ERPF of 4).02 (95 % confidence interval (CI): 4).05 to 0.01) and for GFR with age of 0.76 ml. min 1.10years-1 (95 % CI:-0.43 to 0.58) (Fig. 2) were not significant. Likewise, the relationship for ERPF with age was similar at 0 and 6 months (difference in slopes: 1.60 ml.min -1-10years -1 (95% CI: -28.4 to 31.5). Change in glycosylated haemoglobin (%) Fig.4 . Relationship between changes in glomerular filtration rate and glycosylated haemoglobin levels during the initial 6-month treatment period following the diagnosis of Type 2 diabetes (16) Comparison of the Type 2 diabetic patients' renal haemodynamics following 6 months therapy with an agematched group of normal subjects [13] , revealed significantly greater GFR (p<0.001), ERPF (p<0.01) and FF (p < 0.01) than respective values of 95 (12) ml. min 1, 472 (70) ml-min ~ and 20.2 (2.2)% for the normal subjects (Fig. 1) . At 6 months, 25 (32%) and 7 (9%) of the Type2 diabetic patients demonstrated GFR values above 120 and 140 ml. min -1, respectively. The relationships for GFR with ERPF, GFR with age and ERPF with age were similar for the Type 2 patients at 6 months and the normal subjects, with respective differences in the slopes of the regression analyses of 0.01 (95% CI: 737 -0.04 -0.06),-2.5 ml-min -1. 10 years q (95 % CI:-6.%1.9) and -26.5 ml.min q. 10 years 1 (95 % CI: -56.5-3.1). In keeping with the higher FF for the Type 2 diabetic patients compared with the normal subjects, analysis of covariance demonstrated an elevation of GFR in the patients of 11 (3) ml.min -1 above that explained by the raised ERPF. As at presentation, BMI, metabolic parameters and blood pressure were without significant effect on the observed differences in renal haemodynamics between the Type 2 diabetic patients and normal subjects.
In light of the above relationship of A GFR with GFR values at presentation and the persistent differences between the Type 2 diabetic patients and normal subjects, sub-group analyses were conducted for the patients with GFR values at presentation of diabetes greater than or below 120 ml-min-l(corresponds to mean + 2 SD for the normal subjects). Despite comparable alterations in BMI, parameters of glycaemic control and lipid levels ( Table 2 ), significant reduction in GFR was observed in those patients with GFR at presentation above 120ml.min q (n= 31) (137 (14) to 125 (20) ml.min-1; p < 0.001) but not for those with original GFRs below 120 ml.min 1 (n = 45) (102 (14) to 103 (16) ml.min -1) (Fig. 1) . ERPF values were unchanged for both groups, from 624 (81) to 601 (93) ml-min ~ (GFR > 120 ml-min 1) and 461 (101) to 466 (93) ml.min q (GFR< 120ml. min-~). Consequently, FF decreased from 22.1 (2.5) to 21.0 (2.7)% for Type 2 diabetic patients with GFRs greater than 120 ml. min q (p < 0.05), but remained unaltered for the other sub-group, from 22.6 (3.4) to 22.5 (3.7)%. Comparisons between these two sub-groups revealed patients with GFR greater than 120 ml. min -1 to be younger at diagnosis of diabetes, with mean age of 48.7 (8.7) years compared with 55.8 (10.1) years for those with GFR less than 120 ml. min 1 QD < 0.001). Significant differences were not observed between the two groups for glycaemic control, lipid parameters or blood pressure levels at presentation or 6 months.
Median AER at presentation was 1.0gg.min ~ (range: 0.1-35.0), with 6.6% of the patients demonstrating AER above 20gg.min q. Following logarithmic transformation, AER for the Type 2 diabetic patients was associated with FPG (log AER=-I.3 + 0.12 FPG: Re=5%; p=0.036). Median AER at 6months was reduced to 0.5 gg. min ~ (range: 0.01-30) (p < 0.01), with only one subject demonstrating AER above 20 gg-min -1. AER at 6 months was significantly related to AER at presentation and FPG (log AER (6months)= -3.9+0.38 log AER (presentation) +0.34 FPG: R 2 = 28 %; p < 0.001). Significant relationships were not observed for AER at presentation or 6months with GFR, ERPE FF, systolic and diastolic blood pressure, or lipid levels.
Discussion
Improved glycaemic control during the initial 6 months of treatment for newly-presenting non-proteinuric normotensive Type 2 diabetic patients results in a significant re-duction in GFR. The changes in GFR were related to reduction in glycaemic levels and ERPF, as manifest by a positive relationship for A GFR with A HbAland A ERPF, respectively. A significant association for changes in GFR and ERPF was noted despite significant reduction only in the former parameter. The observed reduction in GFR for this group of patients, though smaller than those reported following commencement of insulin therapy in Type 1 diabetic patients [8] [9] [10] , was evident despite their comparatively advanced age and an estimated 4-7-year period of sub-clinical hyperglycaemia prior to the clinical diagnosis of Type 2 diabetes [28] .
The influence on renal haemodynamics of improved glycaemic control following the diagnosis of Type 2 diabetes has not been adequately researched. In a study of 10 patients, GFR declined from 106 (15) at presentation to 96 (14) ml.min -1 following 3 months' treatment with diet alone or additional oral hypoglycaemic agents [29] . A reduction in GFR with the institution of treatment for Type 2 diabetes was similarly observed in our study. GFR values at presentation and 6 months were not correlated with fasting plasma glucose or HbA1 levels, and GFRs were similar for patients with HbA1 levels above or below 9 %. However, the reduction in GFR during this period demonstrated a significant association with A HbA> Further, the strongest association for A GFR was the GFR values at presentation. Consequently, a significant reduction in GFR was noted for the younger Type 2 diabetic patients with GFRs greater than 120 ml. min -1 at diagnosis but not for the older patients with GFRs below this value. As ERPF levels were unchanged in either sub-group during this treatment period, a significant reduction in FF was noted for those patients with presentation GFRs above 120 ml. rain -1. The different response in renal haemodynamics for the two sub-groups, despite similar alterations in demographic and biochemical parameters, may reflect a pre-existing state of relative renal vascular vasodilatation in a less compliant vasculature with advancing age [30] . One may also speculate a longer duration of subclinical hyperglycaemia prior to the diagnosis of Type 2 diabetes in the older patients with GFR values above 120 ml. min q.
GFR, ERPF and FF for the Type 2 diabetic patients following 6months' therapy remain significantly elevated compared with age-controlled normal subjects [13] . GFR values above 120 ml. min q (mean + 2 SD for age-controlled normal subjects) were noted in 32% of the patients compared with 45% at presentation of Type 2 diabetes. Thus, a significant proportion of the Type 2 diabetic patients demonstrate persistent hyperfiltration despite improved glycaemic control. However, this study and our previous findings provide only limited insights into the pathophysiology of the elevation of GFR in Type 2 diabetes. Of the determinants of GFR, the raised ERPF for the Type 2 diabetic patients, with the attendant strong relationship between GFR and ERPF, suggests a significant contribution of the raised plasma flow to the observed elevation of GFR. The higher FF in the Type 2 diabetic patients and the demonstration by analysis of covariance of an increase in the GFR over that explicable by the raised ERPF, suggests an elevation of transcapillary hydraulic pressure alone or in combination with a raised ultrafiltration coefficient. Consistent with this notion would be the recent finding of a positive correlation between glomerular capillary surface area and GFR in morphometric analysis of renal biopsy material from a heterogeneous group of Type 2 diabetic patients [31] , as previously established for Type 1 diabetic patients [32] .
Considerable experimental evidence exists implicating the deranged renal haemodynamics of early diabetes, specifically glomerular capillary hypertension, in the later development of glomerulopathy [33] [34] [35] [36] . It has also been proposed that the glomerular hyperfunction of early Type i diabetes predicts the development of nephropathy [37, 38] , a hypothesis not uniformly accepted [39, 40] . The role of the hyperfiltration observed in a significant portion of our group of Type 2 diabetic patients in the subsequent development of nephropathy remains to be established in our on-going longitudinal study. Since evaluation of renal haemodynamics in this study was performed in the fasted state, the observed hyperfiltration would be amplified by the augmentation of GFR in response to meal ingestion [41, 42] .
The prevalence of microalbuminuria, using AER of 20-200 gg.min -1 [43] , in our preselected normotensive Type 2 diabetic patients was 7 % at the time of presentation, lower than previously reported for cohorts of newlydiagnosed patients [44] [45] [46] . However, these previous studies have variously included patients with other concomitant conditions and therapies, such as hypertension, which may alter albumin excretion. In the absence of such concomitant conditions, the prevalence of microalbuminuria in newly-presenting Type 2 diabetic patients may be lower than previously reported, though direct comparisons between such studies are hindered by the different urine collections and assay techniques used. At diagnosis and 6 months, AER was correlated with fasting plasma glucose levels but not with renal haemodynamics, blood pressure or lipid parameters. Institution of therapy for Type 2 diabetes resulted in a significant decline in AER. At 6 months AER was also related to AER at presentation. No association was observed for change in AER with alteration in renal haemodynamics or blood pressure.
AER at diagnosis of Type 2 diabetes and subsequent reductions during treatment have been reported to correlate with the prevailing level of glycaemic control [29, 44, 45] . Short-term reductions in AER also correlated with A GFR [29] . Although the influence of glycaemic control on AER at diagnosis and at 6 months was confirmed by our findings, AER was not correlated with renal haemodynamics. This disparity may reflect the considerably wider ranges of GFR and its response during therapy observed in our study. The enhanced albumin excretion at diagnosis of Type 2 diabetes may be attributed to increased glomerular filtration, due to raised filtration pressure or a direct alteration of barrier size selectivity [15, 29] . The latter abnormality, recently demonstrated in Pima Indians with Type 2 diabetes of short duration [15] , supports our finding of a lack of a direct relationship between changes in AER and renal haemodynamics.
In summary, improved glycaemic control following the diagnosis of Type 2 diabetes produces a reduction in GFR, mainly in younger patients with GFR values above 120 ml. min -1. However, hyperfiltration persists in a significant proportion of the patients, and its long-term effects on renal function in Type 2 diabetes remain to be established in our on-going longitudinal study.
